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[NAME OF THE DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] METHOD OF MANUFACTURING AN 

ACTIVE MATRIX TYPE ORGANIC EL DISPLAY DEVICE 

[CLAIMS] 

[Claim 1] A method of manufacturing an active matrix type 
organic EL display device. In which 

a hole injection layer is formed on transparent pixel 
electrodes formed on a glass substrate that has thin-film 
transistors ; 

organic luminescent layers each of which has a luminescent 
color selected from red, green and blue and is provided at least 
in each of pixels are formed on the hole injection layer; and 

a reflection electrode is f oinned on them; the method BEING 
CHARACTERIZED IN THAT 

formation and arrangement of the organic luminescent 
layers are carried out by means of an ink- jet method. 
[Claim 2] A method of manufacturing an active matrix type 
organic EL display device, in which 

organic luminescent layers each of which has a luminescent 
color selected from red, green and blue and is provided at least 
in each of pixels are formed on transparent pixel electrodes 
formed on a glass substrate that has thin-film transistors; and 

a reflection electrode is formed on them; the method BEING 
CHARACTERIZED IN THAT 

formation and arrangement of the organic luminescent 
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layers are carried out by means of an ink- jet method. 
[Claim 3] A method of manufacturing an active matrix type 
organic EL display device, in which 

organic luminescent layers each of which has a luminescent 
color selected from red, green and blue and is provided at least 
in each of pixels are formed on reflection pixel electrodes formed 
on a glass substrate that has thin-film transistors; 

a hole injection layer is formed on them; and 

a transparent electrode is formed on it; the method BEING 
CHARACTERIZED IN THAT 

formation and arrangement of the organic luminescent 
layers are carried out by means of an ink- jet method. 
[Claim 4] A method of manufacturing an active matrix type 
organic EL display device, in which 

organic luminescent layers each of which has a luminescent 
color selected from red, green and blue and is provided at least 
in each of pixels are formed on reflection pixel electrodes formed 
on a glass substrate that has thin-film transistors; and 

a transparent electrode is formed on them; the method BEING 
CHARACTERIZED IN THAT 

formation and arrangement of the organic luminescent 
layers are carried out by means of an ink- jet method. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[001] 

[FIELD OF THE INVENTION] 
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This invention relates to a method of manufacturing an 
active matrix type EL display device with thin-film transistors 
using an ink- jet method. 
[0002] 

[DESCRIPTION OF THE PRIOR ART] 

An organic EL element is an element which has a 
configuration in which a thin film containing a fluorescent 
organic compound is held between a cathode and an anode. In 
the organic EL element, electrons and holes are injected into 
the thin film to generate excitons through the recombimation 
of the electrons and holes . The organic EL element produces 
luminescence by utilizing emission of light (fluorescence or 
phosphorescence) at the deactivation of the excitons. 
[0003] 

The features of the organic EL element is that it is possible 
to obtain a high intensity surface luminescence on the order 
of 100 to 100,000 cd/m2 at a low voltage of less than lOV, and 
that it is possible to produce luminescence of from blue to red 
by the selection of the kind of fluorescent material. 
[0004] 

The organic EL element is drawing attraction as a device 
for realizing a large area full color display element at a low 
cost (Technical Reports of the Society of Electronic Information 
and Communications , Vol. 89, No. 106, 1989, p. 49). According 
to the report, bright luminescence of blue, green and red were 
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obtained by forming a luminescent layer using an organic 
luminescent material which emits strong fluorescence. This 
fact is considered to mean that it is possible to realize a high 
brightness full color display by using an organic coloring matter 
which emits strong fluorescence in a thin film state and has 
less pin hole defects. 
[0005] 

In addition, in Japanese Laid-Open Publication No. Hei 
5-78655, there is proposed to produce a high brightness full 
color element through providing a thin film layer containing 
an organic electron material and an organic luminescent material 
as components for an organic luminescent layer, and expanding 
the latitude in the selection of the luminescent material by 
preventing quenching due to higher concentration. 
[0006] 

However, in neither of the reports, the configuration or 
the method of manufacture of an actual full color display panel 
is not shown. 
[0007] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

An organic thin film EL element using the organic coloring 
matters described above emits blue , green or red light . However , 
as well known, in order to realize a full color display device, 
it is necessary to arrange organic luminescent layers which emit 
any one of the three primary colors for the respective pixels. 
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In the past, it was very difficult to carry out patterning of 
organic luminescent layer because of the following reasons. 
Namely, first, it is difficult to improve patterning precision 
in a deposition process, since a metal surface of a reflection 
electrode is unstable . Second , a polymer or precursor that forms 
the hole injection layer and organic luminescent layer lacks 
a sufficient resistance to a patterning process such as 
photolithography . 
[0008] 

This invention is to solve the problems described above, 
and it is an object to provide a method of manufacturing an active 
matrix type EL display device with thin-film transistors using 
an ink-jet method. 
[0009] 

[MEANS FOR SOLVING THE PROBLEM] 

In a method of manufacturing an active matrix type organic 
EL display device according to the present invention, a hole 
injection layer is formed on transparent pixel electrodes f oinned 
on a glass substrate that has thin-film transistors; organic 
luminescent layers each of which has a luminescent color selected 
from red, green and blue and is provided at least in each of 
pixels are formed on the hole injection layer; and a reflection 
electrode is formed on them; and the method is characterized 
in that formation and arrangement of the organic luminescent 
layers are carried out by means of an ink- jet method. Further, 
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in this invention, organic luminescent layers each of which has 
a luminescent color selected from red, green and blue and is 
provided at least in each of pixels are formed on transparent 
pixel electrodes formed on a glass substrate that has thin-film 
transistors; and a reflection electrode is formed on them; and 
the invention is characterized in that formation and arrangement 
of the organic luminescent layers are carried out by means of 
an ink- jet method. 

[0010] In addition, in this invention , organic luminescent 

layers each of which has a luminescent color selected from red, 
green and blue and is provided at least in each of pixels are 
formed on reflection pixel electrodes formed on a glass substrate 
that has thin-film transistors ; a hole injection layer is formed 
on them; and a transparent electrode is formed on it; and the 
invention is characterized in that formation and arrangement 
of the organic luminescent layers are carried out by means of 
an ink- jet method. Further, in this invention, organic 
luminescent layers each of which has a luminescent color selected 
from red, green and blue and is provided at least in each of 
pixels are formed on reflection pixel electrodes formed on a 
glass substrate that has thin-film transistors ; and a transparent 
electrode is formed on them; and the invention is characterized 
in that formation and arrangement of the organic luminescent 
layers are carried out by means of an ink- jet method. 
[0011] 
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Namely, as shown in Fig. 3, the present invention realizes 
full color display by carrying out coating and pattern formation 
of red, green and blue organic luminescent materials onto signal 
lines 301, gate lines 302, pixel electrodes 303 and thin-film 
transistors 304, which are formed on a substrate, using the 
ink-jet method. 
[0012] 

[EMBODIMENTS OF THE INVENTION] 

Hereinafter, preferred embodiments of the invention will 
be described with reference to the drawings. 
[0013] 
( Example 1 ) 

As shown in Fig. 1, thin-film transistors are formed on 
a glass substrate 101 , and then ITO transparent pixel electrodes 
103 are formed. 
[0014] 

A coating of poly tetrahydrothiophenyl phenylene which 
is a precursor of polymer is provided as a hole in ject ion material . 
Polyphenylene vinylene is derived from the precursor through 
heating, and thus a hole injection layer 104 having a thickness 
of O.OSjim is formed. 
[0015] 

Then, coating and pattern formation of red, green and blue 
luminescent materials are carried using an ink- jet printing 
device 105 to form luminescent layers 106, 107 and 108 having 
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a thickness of 0 . OSjom. Cyanopolyphenylene. vinylene is used for 
the red luminescent material, polyphenylene vinylene is used 
for the green luminescent material, and polyphenylene vinylene 
andpolyalkylphenylene are used for the blue luminescent material . 
These organic EL materials are produced by Cambridge Display 
Technology Ltd. , and they are obtainable in the form of liquid. 
[0016] 

Finally, an MgAg reflection electrode 109 having a 
thickness of 0.1 to 0.2iiin is formed using a deposition method. 
[0017] 

In this way, a direct-view type full-color organic EL 
display device is manufactured. 
[0018] 
{ Example 2 ) 

As shown in Fig. 2, thin-film transistors 202 are formed 
on a glass substrate 201, and then AlLi reflection pixel 
electrodes 203 are formed. 
[0019] 

Then, coating and pattern formation of red, green and blue 
luminescent materials are carried using an ink- jet printing 
device 207 to form luminescent layers 204, 205 and 206. 
Cyanopolyphenylene vinylene is used for the red luminescent 
material, polyphenylene vinylene is used for the green 
luminescent material, and polyphenylene vinylene and 
polyalkylphenylene are used for the blue luminescent material. 
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These organic EL materials are produced by Cambridge Display 
Technology Ltd. , and they are obtainable in the form of liquid. 
[0020] 

A coating of poly tetrahydrothiophenyl phenylene which 
is a precursor of polymer is provided as a hole in jection material . 
Polyphenylene vinylene is derived from the precursor through 
heating, and thus a hole injection layer is formed. 
[0021] 

Finally, an ITO transparent electrode 209 is formed using 
a deposition method. 
[0022] 

In this way, a reflection type full- color organic EL 
display device is manuf actured. 
[0023] 
(Example 3) 

As for organic luminescent material for an organic 
luminescent layer, 
2,3,6,7-tetrahydro-ll-oxo-lH,5H, llH-(l)benzopyrano[6,7 ,8-ij 

1 - quinolizine-lO-carboxylic acid is used, and as for organic 
hole injection layer material, 1 , 1-bis- ( 4-N,N-ditrile 
aminophenyl)cyclohexane is used. A green luminescent material 
is prepared by mixing these materials . 

[0024] 

Similarly, as for red organic luminescent material, 

2- 13 4 ' -dihydroxyphenyl) - 3,5 , 7- trihydroxy-l-benzopyrylium 
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perchlorate is used, which is mixed with the hole injection layer 

material. 

[0025] 

In addition, as for organic hole injection material for 
a blue luminescent layer, tr is ( 8 -hydroxyquinolinol) aluminium 
is used, and as for organic luminescent material, 
2,3,6 , 7-tetrahydro-9-methyl-ll-oxo-lH, 5H, IIH- ( 1 ) benzopyrano 
[ 6 , 7 , 8-i j ] -quinolizine is used. A luminescent material is 
prepared by mixing these materials . 
[0026] 

In the same processes as in Example 1 or 2 , local patterning 
of each luminescent layer is performed using an ink- jet printing 
device to manufacture an active matrix type organic EL display 
device . 
[0027] 

In addition to the organic EL materials used in these 
Examples, aromatic diamine derivative (TPD), oxydiazole dimer 
(OXD), oxydiazole derivative (PBD), distylarylene derivative 
(DSA), quinolinol-based metal complex, 

beryllium-benzoquinolynol complex (Bebq) , triphenylamine 
derivative (MTDATA) , distyryl derivative, pyrazoline dimer, 
rubrene, quinacridone , triazole derivative, polyphenylene , 
polyalkylf luorene , polyalkylthiophene , azomethine zinc complex, 
polyphyrin zinc complex, benzo oxazole zinc complex, 
phenanthroline europium complex may also be used, but materials 
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used in this invention is not limited to these materials. 
[0028] 

[EFFECTS OF INVENTION] 

By carrying out the formation and arrangement of an organic 
EL material by means of the in]c- jet method, it becomes possible 
to achieve patterning of an organic EL material which has been 
said to be impossible to achieve before . As a result , it becomes 
possible to realize a full-color displaying organic EL display 
device. This maJces it possible to manufacture full-color 
display devices having large screen size at a low cost, which 
will have excellent results. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Figure 1] 

Fig. 1 is a drawing which shows processes of manufacturing 
a first embodiment of an active matrix type organic EL display 
device according to the present invention. 
[Figure 2] 

Fig. 2 is a drawing which shows processes of manufacturing 
a second embodiment of the active matrix type organic EL display 
device according to the present invention. 
[Figure 3] 

Fig. 3 is a drawing which shows luminescent layers formed 
on thin-film transistors in this invention using an inlc-jet 
method. 

[DESCRIPTION OF THE REFERENCE MARKS] 
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101 Glass Substrate 

102 Thin-Film Transistor 

103 Transparent Pixel Electrode 

104 Hole Injection Layer 

105 Ink-Jet Printer Head 

106 Organic Luminescent Layer (First Color) 

107 Organic Lviminescent Layer (Second Color) 

108 Organic Luminescent Layer (Third Color) 

109 Reflection Electrode 

201 Glass Substrate 

202 Thin-Film Transistor 

203 Reflection Pixel Electrode 

204 Organic Lximinescent Layer (First Color) 

205 Organic Luminescent Layer (Second Color) 

206 Organic Luminescent Layer (Third Color) 

207 Ink-Jet Printer Head 

208 Hole Injection Layer 

209 Transparent Electrode 

301 Signal Line 

302 Gate Line 

303 Pixel Electrode 

304 Thin-Film Transistor 

305 Organic Luminescent Layer (First Color) 

306 Organic Luminescent Layer (Second Color) 

307 Organic Luminescent Layer (Third Color) 
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[TITLE OF THE DOCUMENT] ABSTRACT 
[ABSTRACT] 

[MEANS FOR SOLVING PROBLEMS] By carrying out the formation and 
arrangement of an organic EL material, whicti has been said to 
be impossible to achieve patterning before, using the inlc-jet 
method, it becomes possible to achieve desirable patterning of 
organic EL materials each of which can emit red, green or blue 
light for respective pixels- As a result, it becomes possible 
to realize a full-color displaying active matrix type organic 
EL display device . 

[EFFECTS] This malces it possible to manufacture full-color 
display devices having large screen size at a low cost, which 
will have excellent results . 
[DESIGNATED DRAWING] Fig. 1 
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